On-chip plasmonic cavity-enhanced quantum emitters by Siampour, Hamidreza et al.
Syddansk Universitet
On-chip plasmonic cavity-enhanced quantum emitters
Siampour, Hamidreza; Kumar, Shailesh; Bozhevolnyi, Sergey I.
Publication date:
2017
Document version
Publisher's PDF, also known as Version of record
Citation for pulished version (APA):
Siampour, H., Kumar, S., & Bozhevolnyi, S. I. (2017). On-chip plasmonic cavity-enhanced quantum emitters.
Poster session presented at 24th Central European Workshop on Quantum Optics, LYNGBY, Denmark.
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 09. Sep. 2018
On-chip plasmonic cavity-enhanced quantum emitters 
Hamidreza Siampour,* Shailesh Kumar, and Sergey I. Bozhevolnyi 
Centre for Nano Optics, University of Southern Denmark, Campusvej 55, DK-5230 Odense M, Denmark 
*hasa@mci.sdu.dk 
Abstract: Nanofabrication of quantum cavities based on dielectric-loaded-plasmonic waveguides using Bragg gratings is 
presented. The cavities are deterministically positioned around the diamond-based emitters using lithographic patterning of 
electron-beam resist on silver. We observe a modulation of emission spectrum for the coupled emitter and a 6-fold 
enhancement in the total decay rate. 
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Strongly confined surface plasmons can be utilized to enhance the light-matter interaction for individual 
quantum emitters [1, 2]. Dielectric loaded surface plasmon polariton waveguide (DLSPPW) has been proposed 
as a waveguide which support confined modes at relatively lower loss compared with other metallic plasmonic 
structures [3]. Here, we employ the method of top-down fabrication [4] to make a compact cavity based on 
DLSPPWs which exploits filtering abilities of Bragg reflecting gratings [5] to form a cavity, which also leads to 
an emission rate enhancement (Fig. 1). 
In the experiment, a silicon sample is coated with a silver film, on which gold coordinate markers are made, 
and subsequently, nanodiamonds are spin coated. The sample is then characterized by scanning in a fluorescence 
confocal microscope and lifetime, spectrum and autocorrelation measurements are taken for the nanodiamonds. 
DLSPPW-based cavities are fabricated by lithographic patterning of hydrogen silsesquioxane (HSQ) electron 
beam resist onto the NV-centers containing nanodiamonds (Fig.1-a (top)). Postfabrication camera image shows 
the coupling of the NV emitter to the cavity, and subsequent emission from the tapered gratings at the two ends 
of the waveguide (Fig.1-a (down)). A reduction in lifetime (from ~9 ns to ~3 ns) is observed for the coupled NV 
center (Fig.1-b). On average the lifetime of NV-centers decreased by a factor of 2 due to a silver plane surface, 
from ~18 ns on fused silica substrate to ~9 ns on silver surface. This gives a ~6-fold enhancement in total decay 
of the quantum emitter indicating strong mode confinement. Spectrum taken from the uncoupled NV (blue), 
coupled NV (red), and outcoupled ends A (dark green), and B (light green) shows an improved spectral purity 
(selective narrow band) for the outcoupled ends (Fig.1-c). Considering the average mode index of ~1.3, and the 
roundtrip length of ~13.5 µm for the cavity, the free spectral range (FSR) of the cavity is calculated to be ~25 nm 
at around 700 nm free space wavelength that is almost agreed with the experimental results shown in Fig1-c for 
the outcoupled ends A and B. 
In conclusion, we have presented a DLSPPW-based cavity coupled to a diamond-based NV emitter. The 
integrated structure with enhanced total decay rate and improved spectral purity of the coupled NV emitter 
potentially can be applied for on-chip realization of quantum-optical networks.  
 
 
Fig. 1 (a) Scanning electron micrograph of a HSQ DLSSPW-based cavity, fabricated on silver film (top). The 
DLSPPW ridge has dimensions of 250 nm in width and 180 nm in height. The transverse ridges of the Bragg 
reflecting gratings are 1.25 μm in length, 130 nm in width and repeated with a period of Λ=275 nm. This gives an 
average refractive index of 1.3 for the effective DLSSPW mode. The gap distance between the two Bragg reflecting 
mirrors is 2.32 μm.. The periodicity of the tapered gratings at the two ends of the DLSSPW is 550 nm. Charge 
coupled device (CCD) camera image of the whole structure where the nanodiamond is excited at the center of the 
cavity and a fluorescence image of the focal plane is taken, is presented (down). (b) Lifetime of the NV center before 
(blue) and after coupling to the cavity. (c) Spectrum taken from the uncoupled NV (blue), coupled NV (red), and 
outcoupled ends A (dark green), and B (light green).  
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